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CONDENSATE DISCHARGING SYSTEM
FOR AN EXHAUST-GAS MEASURING
DEVICE

CROSS REFERENCE TO PRIOR D
APPLICATIONS

This application 1s a U.S. National Phase application
under 35 U.S.C. § 371 of International Application No.
PCT/EP2017/078168, filed on Nov. 3, 2017 and which 1°
claims benelflt to German Patent Application No. 10 2016
121 441.8, filed on Nov. 9, 2016. The International Appli-
cation was published 1n German on May 17, 2018 as WO

2018/087003 A1l under PCT Article 21(2).
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FIELD

The present invention relates to a condensate discharge
system for an exhaust gas measuring device comprising a
condensate separator and an outflow line 1n which atmo- 20
spheric pressure prevails.

BACKGROUND

Such condensate discharge systems, which are known 25
from numerous applications, are used to separate water from
fluids, 1n particular for separating water vapor in gases,
which could lead to damages 1n subsequent aggregates due
to condensation.

Condensate separators are used 1n exhaust gas measuring 30
systems to separate water from sample gas flows that contain
exhaust gases with water or water vapor. Water vapor 1s
produced during the combustion of fuels and 1s contained as
a component 1n the exhaust gas flow, wherein the fluid 1s just
saturated with water vapor at the dew point. If the tempera- 35
ture of the fluid 1s decreased below the dew point, the water
vapor condenses so that the condensate 1s 1n the liquid phase.
Such a condensation in the measuring device can, for
example, cause 1incorrect results from spectroscopically
working measuring devices and contaminate the aggregates 40
of the exhaust gas measuring systems so that the life span of
the measuring devices 1s reduced, for example, due to
COrrosion.

It 1s particularly important to prevent the condensation of
water vapor in measuring devices that operate cold, 1.e., 45
below the dew point of the exhaust gas mixtures, since a
condensation of the water vapor from the sample gas can 1n
particular be expected 1n this case. Examples thereof include
the measurement of the oxygen concentration via a para-
magnetic detector which uses the magnetic characteristics ol 50
oxygen to determine the concentration of oxygen 1n a gas
flow, or the spectroscopic measurement of carbon monoxide,
carbon dioxide or hydrocarbons via the non-dispersive infra-
red sensor.

The reduction of the flmud temperature below the dew 55
point 1s therefore specifically used to reduce the content of
water vapor 1n the exhaust gas and to separate the conden-
sate before the measuring device 1n order to dry the sample
gas. For this purpose, the sample gas 1s led through a cooler
into a condensate separator, where the condensate 1s sepa- 60
rated from the tluid, and the separated condensate 1s then led
into a condensate tank from which the condensate 1s dis-
charged at intervals or continuously via a discharge valve.

DE 37 06 941 Al describes a condensate separator that
works with a cooler. The cooler comprises a tank filled with 65
coolant. A spiral-shaped inlet line, through which the fluid to
be cooled flows, runs through the tank filled with coolant
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and leads into a separation tank. The separation tank com-
prises a cylindrical section and a conical adjacent section,
wherein the conical section 1s tapered downwards and leads
into a condensate outflow opening. At the end of the
condensate separator opposite to the condensate outtlow
opening, a plunger tube plunges into the condensate sepa-
rator and 1s used a gas outlet nozzle and leads 1nto a gas
discharge line via which the dried gas can be supplied to
subsequent aggregates. How the resulting condensate can be
specifically discharged 1s not, however, described.

DE 102004 060352 B3 describes an exhaust gas analyzer
which comprises a measuring device, i front of which 1s
arranged a condensate separator. The resulting condensate 1s
discharged via a pump from the condensate separator by
applying a negative pressure via the pump. This 1s usually
performed with peristaltic pumps since peristaltic pumps
operate without pulsation and with the downstream tanks
being completely decoupled from the condensate separator.
Repercussions, for example, from pressure surges, can
thereby be avoided. This pump pumps the condensate into a
condensate tank from which the condensate can be drained
via a float valve. The gas entering the condensate tank can
be discharged via a hose.

A disadvantage of this system 1s that a pump 1s used which
can abrade and which must thus be maintained in order to
convey the condensate and to avoid repercussions on the
condensate separator or the measuring device, which can
lead to a reduction of the separation efliciency or a degra-
dation of the measurement results, particularly due to pres-
sure surges when draiming the condensate.

SUMMARY

An aspect of the present invention 1s to further develop a
condensate discharge system for an exhaust gas measuring
device to achieve a condensate separation without additional
conveying means and by avoiding repercussions in the form
of pressure deviations on the separator, and 1n particular on
the measuring devices, for example, when emptying the
condensate tank, which can lead to a deterioration of the
separation efliciency or of the measurement.

In an embodiment, the present invention provides a con-
densate discharge system for an exhaust gas measuring
device. The condensate discharge system includes a con-
densate separator in which a positive pressure prevails, an
outflow line m which atmospheric pressure prevails, a
connecting line, and an intermediate reservoir in which the
positive pressure prevails. The imtermediate reservoir 1s
arranged between the condensate separator and the outtlow
line and 1s directly connected to the condensate separator via
the connecting line. The mtermediate reservoir comprises a
float valve via which a condensate 1s dischargeable into the
outflow line.

BRIEF DESCRIPTION OF TH.

L1l

DRAWING

The present invention 1s described in greater detail below
on the basis of embodiments and of the drawing 1n which:

The FIGURE schematically shows an exemplary embodi-
ment of a condensate discharge system for an exhaust gas
measuring device according to the present invention.

DETAILED DESCRIPTION

Since a positive pressure prevails in the condensate sepa-
rator and an intermediate reservoir, in which positive pres-
sure also prevails, 1s arranged between the condensate
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separator and the outflow line and 1s directly connected via
a connecting line to the condensate separator and comprises
a tloat valve via which condensate can be discharged into the
outflow line, the condensate tank 1s decoupled from the
outtlow line, whereby pressure surges on the outflow line
cannot be transferred to the condensate separator and thus
cannot be transferred the measuring devices. The condensate
separator therefore operates at constant pressure ratios since
the positive pressure area 1s separated from the atmospheric
pressure area by the valve in the mntermediate reservorr.
Additional abrasive conveying means, via which a spatial
separation between the outtlow line and the condensate

separator 1s created, are not required.

Due to the arrangement according to the present inven-
tion, 1t 1s also possible to make the condensate separator
particularly small because no need for a valve 1n the con-
densate separator exists. This minimizes the existing dead
volume at the condensate separator, which in turn signifi-
cantly reduces the response time compared to known
embodiments.

In an embodiment of the present invention, the interme-
diate reservoir can, for example, be filled 1n a lower volume
with condensate, which condensate can then be discharged
via a condensate outlet arranged at the lower volume, and 1s
filled with a gas 1n an upper volume, which gas can be
discharged via a gas outlet arranged at the upper volume.
Gas entering the intermediate reservoir can thus be dis-
charged from the intermediate reservoir so that only con-
densate enters the condensate tank via the condensate outlet.

In an embodiment of the present invention, the outflow
line can, for example, lead into a condensate tank from
whose lower area a discharge line leads away, 1n which a
discharge valve 1s arranged, and at whose upper area a
ventilation opening 1s formed. Atmospheric pressure can be
maintained in this condensate tank due to the gas discharge
opening so that pressure surges during emptying do not lead
to repercussions on the mtermediate reservoir. The conden-
sate discharge system thus does not require a constant
connection to a drainage, but can be emptied systematically
at intervals.

In an embodiment of the present invention, the gas outlet
of the intermediate reservoir can, for example, be connected
to a flow resistance line, which can 1n particular be designed
cither as a capillary or as a nozzle. Gas entering the
intermediate reservolr can thereby be discharged due to the
applied pressure diflerential. Backtlows are thereby avoided.

In an embodiment of the present invention, the capillary
or the nozzle can, for example, be heated so that remaining
water vapor cannot condense, via which the capillary or the
nozzle would be contaminated. Deposits on the capillary are
correspondingly avoided via the heating.

In an embodiment of the present invention, the feed pump
can, for example, be arranged upstream of the condensate
separator, whereby the entire condensate separator operates
at a positive pressure. This prevents humidity from subse-
quently penetrating the gas streams due to occurring leaks.
Additional conveying means are not required.

It 1s also advantageous if the condensate separator is a
condensate separator cooled with coolant. Such a conden-
sate separator has a very good efliciency 1n the separation of
exhaust gas flows to be measured so that very good mea-
surement results can be achieved.

In an embodiment of the present invention, the coolant 1s
a solid heat sink cooled via a peltier cooler. This has proven
to be an eflicient cooling method since no fluid-carrying
lines are required.
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In an embodiment of the present invention, the conden-
sate separator can, for example, comprise a housing in which
1s arranged a cooled inlet line for letting 1n a sample gas
flow, an outlet opening for discharging a gas flow, and an
outflow opening which leads into the connecting line
between the condensate separator and the intermediate res-
ervoilr for discharging the condensate. The housing thus
surrounds the cooling area as well as the separation area of
the condensate separator.

The outlet opening of the condensate separator 1s addi-
tionally connected to a sample gas line that leads into an
exhaust gas measuring device with an operating temperature
between ambient temperature and 70° C. so that only dry
sample gas 1s used for measurements with the measuring
device. This improves measurement results and reduces the
ageing of the measuring device caused by deposits resulting
from condensation. These measuring devices are usually
operated at a temperature slightly above ambient tempera-
ture 1n order to avoid a temperature drit.

It 1s also advantageous if the cooled 1nlet line 1s helically
formed and tangentially leads into a separation chamber on
whose lower side a funnel 1s formed that leads into the
outflow opening for the condensate and on which upper side
a gas outlet nozzle 1s formed that leads into the outlet
opening. The cyclonic form of the condensate separator
enables very good separation degrees, since the form and the
thus directed discharge of the water prevent condensate
droplets from being carried along in the direction of the gas
outlet opening. Splash water, which could also lead to the
water being carried along to the gas outlet opening, 1s also
avoilded. The condensate rather adheres to the surfaces and
1s guided by the decline of the separation chamber towards
the outflow opening.

It 1s also advantageous if the condensate tank 1s arranged
above the intermediate reservoir, via which the vertically
required installation space 1s limited. This 1s made possible
by operating at a positive pressure.

A condensate discharge system for an exhaust gas mea-
suring device 1s thus provided with which very good mea-
surement results can be achieved on the measuring device
cven at ambient temperature, since condensate 1s reliably
discharged betore the measuring device by providing a high
separation efliciency and by reliably avoiding repercussions
on the condensate separator. The system can thus be used
continuously.

An exemplary embodiment of a condensate discharge
system for an exhaust gas measuring device according to the
present mnvention 1s schematically described via the FIG-
URE below.

The FIGURE shows a test bench where exhaust gas from
a vehicle 10 1s supplied through a sample gas line 12 via a
feed pump 13 to an exhaust gas analyzer 14 which 1is
arranged downstream of the feed pump 13. The exhaust gas
analyzer 14 comprises a condensate discharge system 16
whose condensate separator 18 1s arranged upstream of an
exhaust gas measuring device 20, i particular of a non-
dispersive infrared detector or a paramagnetic oxygen detec-
tor which 1s operated at operating temperatures between
ambient temperature and approximately 70° C. so that,
without using the upstream condensate separator 18, a risk
would exist that the water vapor dissolved in the warm
exhaust gas would condense out in the inirared detector or
would result in an increased cross-sensitivity due to a higher
water vapor concentration, which would falsily the mea-
surement results.

The condensate separator 18 comprises a housing 22
surrounded by a spiral-shaped inlet line 24. The nlet line 24
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1s surrounded by a heat sink 29 that in particular consists of
a good heat conducting material and which abuts extensively
on the cool side of a peltier cooler 33 so that the fluid
entering the inlet line 24 i1s cooled. The let line 24
tangentially leads into a separation chamber 26 whose
cylindrical housing section 27 merges into a lower funnel 28
on whose lower end an outtlow opening 30 for the separated
condensate 1s formed and i which a positive pressure
prevails due to the feed pressure of the feed pump 13. A gas
outlet nozzle 32 protrudes centrally in the upper cylindrical
housing section 27 through which the dried sample gas
reaches an outlet opening 34 of the condensate separator 18
and 1s then supplied through a sample gas line 36 connected
to the outlet opening to the exhaust gas measuring device 20
in which, for example, the concentration of carbon monox-
ide, carbon dioxide or hydrocarbons in the exhaust gas is
measured.

The sample gas 1s thus cooled down 1n the inlet line 24
below the dew temperature, whereby a majority of the water
vapor contained 1n the sample gas condenses. The conden-
sate with the sample gas enters the separation chamber 26
tangentially due to the gas flow and gravity. The condensate
first circulates along the wall surface of the cylindrical
housing section 27 due to the tangential inflow. Due to the
higher mass of the condensate droplets compared to the gas,
a higher centrifugal force and gravity act on the condensate
droplets so that the condensate drops carried along by the
volume tlow of the sample gas are released from the sample
gas and reach an outtlow opening 30 via a funnel 28, while
the sample gas tlow follows the pressure drop in the direc-
tion ol the gas outlet nozzle 32. The funnel 28 prevents
splash water which results from water dripping onto the
surface of the condensate and which could be carried along
by the gas flow. An inlet cross section of the gas outlet
nozzle 32 can also selected to be greater than an outlet cross
section so as to reduce the flow velocity at the inlet cross
section and thus also the drag force of the gas flow.

The present invention provides that the condensate flows
due to the prevailing positive pressure from the outtlow
opening 30 through a first connecting line 38 into an
intermediate reservoir 40, 1n which a positive pressure also
prevails due to the feed pressure of the feed pump 13. A float
valve 42, which releases or closes a condensate outlet 44 of
the intermediate reservoir 40 depending of the water level,
1s arranged in the intermediate reservoir 40. The float valve
42 comprises a float element 46 that floats on the water
surface of the intermediate reservoir 40 and divides the
intermediate reservoir 40 into an upper volume 48 filled with
gas that has been discharged with the condensate from the
condensate separator 18 through the outflow opening 30,
and a lower volume 50 filled with the condensate.

A gas outlet 52 1s formed at the upper volume 48 that leads
into a heated capillary 54 with which the gas can be
discharged that has previously entered the intermediate
reservoir together with the condensate. A heating 535 1s used
to prevent water vapor or other compounds dissolved in the
gas from further condensing, which would cause a deposit
formation in the heated capillary 54 which could m turn
result 1n a blockage.

The condensate outlet 44 of the intermediate reservoir 40
1s connected via an outflow line 56 to a condensate tank 58
into which the condensate i1s discharged and in which
atmospheric pressure prevails. A lower outflow line 39 1n
which a discharge valve 60 1s arranged, via which the
condensate from the exhaust gas analyzer 14 can be dis-
charged, 1s connected to the condensate tank 38. The dis-
charge valve 60 1s actuated at regular intervals by the

10

15

20

25

30

35

40

45

50

55

60

65

6

operating personnel in order to avoid the condensate tank 58
from being completely filled. An automatic or a continuous
emptying thereof 1s also possible. A ventilation opening 61
which 1s also connected to the atmosphere 1s formed at the
upper area via which a pressure compensation 1n the con-
densate tank 58 1s achieved so that, in case the float valve 42
1s open, no pressure can be build up 1n the condensate tank
58.

The structure of the condensate discharge system 16 and
in particular the arrangement of the intermediate reservoir
40 makes 1t possible to empty the system by using discharge
valves 60 between the condensate tank 58 and the conden-
sate separator 18 while the measurement takes place, which
means that sample gas 1s supplied to the condensate sepa-
rator 18 and the exhaust gas measuring device 20, since no
repercussions on the condensate separator 18 are expected.
A transier of otherwise possible pressure surges or pulsa-
tions on the condensate separator 18 when emptying the
condensate tank 58 1s entirely excluded by interposing the
intermediate reservoir 40 and by the thus resulting decou-
pling of the condensate separator 18 from the outtlow line 56
and by using the condensate tank 58 with the ventilation
opening 61. The condensate and the gas tlows are discharged
by the feed pressure of the upstream feed pump 13. Subse-
quent peristaltic pumps or similar for conveying and at the
same time separating the condensate separator 18 from the
condensate tank 38 are not required, whereby the abrasion of
the condensate discharge system 16 1s reduced and mainte-
nance intervals can be extended.

It should be clear that the scope of protection of the
present mvention 1s not limited to the described exemplary
embodiment. It 1s i1n particular possible to modily the
construction of the condensate separator and/or the interme-
diate reservolr of the condensate tank. Such a system can
also be used for various measuring devices. Reference
should also be had to the appended claims.

What 1s claimed 1s:

1. A condensate discharge system comprising:

a condensate separator 1n which a positive pressure pre-

vails;

an outtlow line 1 which atmospheric pressure prevails;

a connecting line;

an intermediate reservoir in which the positive pressure

prevails, the mtermediate reservoir being arranged
between the condensate separator and the outflow line
and being directly connected to the condensate sepa-
rator via the connecting line, the imntermediate reservoir
comprising a float valve via which a condensate is
dischargeable into the outtlow line; and

a feed pump arranged 1n a sample gas line upstream of the

condensate separator,

wherein,

the condensate discharge system 1s provided for an

exhaust gas measuring device.

2. The condensate discharge system as recited 1n claim 1,
wherein,

the mtermediate reservoir further comprises a gas outlet

which 1s arranged at an upper volume and a condensate
outlet which 1s arranged at a lower volume,

the imntermediate reservoir 1s filled with the condensate 1n

the lower volume,

the intermediate reservoir 1s filled with a gas 1n the upper

volume,

the condensate 1s dischargeable via the condensate outlet

at the lower volume, and

the gas 1s dischargeable via the gas outlet at the upper

volume.
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3. The condensate discharge system as recited in claim 2,
turther comprising:

a flow resistance line,

wherein,

the gas outlet of the intermediate reservoir 1s connected to

the flow resistance line.

4. The condensate discharge system as recited in claim 3,
wherein, the flow resistance line 1s a capillary or a nozzle.

5. The condensate discharge system as recited 1n claim 4,
wherein, the capillary or the nozzle i1s configured to be
heated.

6. The condensate discharge system as recited in claim 1,
turther comprising:

a condensate tank comprising an upper area, a lower area,

and a ventilation opening arranged 1n the upper area;

a discharge line arranged to lead away from the lower area

of the condensate tank; and

a discharge valve arranged 1n the discharge line.

7. The condensate discharge system as recited in claim 6,
wherein the condensate tank 1s arranged above the interme-
diate reservoir.

8. The condensate discharge system as recited 1n claim 1,
wherein the condensate separator 1s configured to be cooled
with a coolant.

9. The condensate discharge system as recited 1n claim 8,
turther comprising;:

a peltier cooler,

wherein,

the coolant 1s a solid heat sink which 1s cooled via the

peltier cooler.

10. The condensate discharge system as recited 1n claim
1, wherein the condensate separator comprises a housing 1n
which 1s arranged a cooled inlet line, an outlet opening, and
an outflow opening, the cooled inlet line being configured to
admit a sample gas tlow, the outlet opening being configured
to discharge a gas flow, and the outtlow opening being
arranged to lead into the connecting line between the con-
densate separator and the intermediate reservoir for dis-
charging the condensate.

11. The condensate discharge system as recited in claim
10, further comprising:

a sample gas line arranged to lead to the exhaust gas

measuring device,
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wherein,

the outlet opening of the housing of the condensate
separator 1s connected to the sample gas line, and

the exhaust gas measuring device 1s configured to have an
operating temperature between an ambient temperature

and 70° C.
12. The condensate discharge system as recited in claim
10, further comprising:

a separation chamber comprising a funnel arranged at a
lower side of the separation chamber and a gas outlet
nozzle arranged at an upper side of the separation
chamber, the funnel being arranged to lead into the
outflow opening, and the gas outlet nozzle being
arranged to lead into the outlet opening,

wherein,

the cooled inlet line 1s helically formed and 1s arranged to
tangentially lead into the separation chamber.

13. A condensate discharge system comprising:

a condensate separator 1n which a positive pressure pre-
vails;

an outtlow line 1 which atmospheric pressure prevails;

a connecting line;

an intermediate reservoir in which the positive pressure
prevails, the mtermediate reservoir being arranged
between the condensate separator and the outflow line
and being directly connected to the condensate sepa-
rator via the connecting line, the imntermediate reservoir
comprising a float valve via which a condensate is
dischargeable into the outtlow line; and

a feed pump arranged 1n a sample gas line upstream of the
condensate separator,

wherein,

the condensate separator comprises a housing 1n which 1s
arranged a cooled 1nlet line, an outlet opening, and an
outtlow opening, the cooled inlet line being configured
to admit a sample gas flow, the outlet opening being
configured to discharge a gas flow, and the outflow
opening being arranged to lead into the connecting line
between the condensate separator and the intermediate
reservolr for discharging the condensate, and

the condensate discharge system 1s provided for an
exhaust gas measuring device.
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